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FRQYHFWLRQ IORZ IURP D YHUWLFDO SODWH HPEHGGHG LQ D IOXLG VDWXUDWHGPHGLXP  6HWK DQG$QVDUL >@ LQYHVWLJDWHG
XQVWHDG\ K\GURPDJQHWLF QDWXUDO FRQYHFWLRQ IORZ RI D YLVFRXV LQFRPSUHVVLEOH HOHFWULFDOO\ FRQGXFWLQJ DQG KHDW
DEVRUELQJIOXLGSDVWDQ LPSXOVLYHO\PRYLQJYHUWLFDOSODWHZLWKUDPSHG WHPSHUDWXUHHPEHGGHG LQDIOXLGVDWXUDWHG
SRURXVPHGLXPWDNLQJ LQWRDFFRXQW WKHHIIHFWRI WKHUPDOGLIIXVLRQ&KDQGUDQHWDO >@VWXGLHGQDWXUDOFRQYHFWLRQ
QHDUDYHUWLFDOSODWHZLWKUDPSHGZDOOWHPSHUDWXUH
+HDWDEVRUSWLRQJHQHUDWLRQHIIHFWVSOD\DVLJQLILFDQWUROHRQWKHKHDWWUDQVIHUFKDUDFWHULVWLFVRIVHYHUDOSK\VLFDO
SUREOHPV RI SUDFWLFDO LQWHUHVW YL] FRQYHFWLRQ LQ(DUWK¶VPDQWOH SRVWDFFLGHQW KHDW UHPRYDO ILUH DQG FRPEXVWLRQ
PRGHOLQJ IOXLGVXQGHUJRLQJH[RWKHUPLFDQGRU HQGRWKHUPLFFKHPLFDO UHDFWLRQGHYHORSPHQWRIPHWDOZDVWH IURP
VSHQWQXFOHDUIXHODSSOLFDWLRQVLQWKHILHOGRIQXFOHDUHQHUJ\HWF7KHUHIRUHLWLVDSSURSULDWHWRFRQVLGHUWHPSHUDWXUH
GHSHQGHQWKHDWVRXUFHDQGRUVLQNZKLFKPD\KDYHVWURQJLQIOXHQFHRQKHDWDQGPDVVWUDQVIHUFKDUDFWHULVWLFVRIWKH
IOXLG IORZ SUREOHPV XQGHU FRQVLGHUDWLRQ 5HFHQWO\ VWXGLHG 6HWK HW DO >@ QXPHULFDO VROXWLRQ RI XQVWHDG\
K\GURPDJQHWLF QDWXUDO FRQYHFWLRQ IORZ RI KHDW DEVRUELQJ IOXLG SDVW DQ LPSXOVLYHO\ PRYLQJ YHUWLFDO SODWH ZLWK
UDPSHGWHPSHUDWXUH
5DGLDWLRQHIIHFWVRQFRQYHFWLYHKHDWWUDQVIHUDQG0+'IORZSUREOHPVKDYHDVVXPHGDQLQFUHDVLQJLPSRUWDQFH




+RZHOO HW DO >@ SUHVHQW WKH PRVW HVVHQWLDO IHDWXUHV DQG VWDWH RI WKH DUW DSSOLFDWLRQV RI UDGLDWLYH KHDW WUDQVIHU
&KDPNKD >@ GLVFXVVHG WKHUPDO UDGLDWLRQ DQG EXR\DQF\ HIIHFWV RQ K\GURPDJQHWLF IORZ RYHU DQ DFFHOHUDWLQJ
SHUPHDEOHVXUIDFHZLWKKHDWVRXUFHRUVLQN6HGGHHN>@UHSRWHGHIIHFWVRIWKHUPDOUDGLDWLRQDQGYDULDEOHYLVFRVLW\
RQXQVWHDG\K\GURPDJQHWLFQDWXUDOFRQYHFWLRQ IORZSDVWD VHPLLQILQLWH IODWSODWHZLWKDQDOLJQHGPDJQHWLF ILHOG
0+'QDWXUDOFRQYHFWLRQZLWKUDGLDWLYHKHDWWUDQVIHUSDVWDQLPSXOVLYHO\PRYLQJSODWHZLWKUDPSZDOOWHPSHUDWXUH
ZDVLQYHVWLJDWHGUHFHQWO\E\6HWKHWDO>@
,Q WKH SUHVHQW QXPHULFDO LQYHVWLJDWLRQ ZH KDYH FRQVLGHUHG WKH WUDQVLHQW DSSURDFK WR KHDW DEVRUSWLRQ DQG
UDGLDWLYH KHDW WUDQVIHU SDVW DQ LPSXOVLYHO\ PRYLQJ SODWH ZLWK UDPSHG WHPSHUDWXUH 7KH UDGLDWLRQ KHDW IOX[ LV
DSSUR[LPDWHG ZLWK WKH 5RVVHODQG DSSUR[LPDWLRQ 7KH HIIHFW RI KHDW DEVRUSWLRQ DQG UDGLDWLRQ SDUDPHWHU RQ WKH
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[
GLUHFWLRQ ZLWK XQLIRUP YHORFLW\ 8 DQG WKH WHPSHUDWXUH RI SODWH LV UDLVHG RU ORZHUHG WR 
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QXPHULFDOO\ IRU WKHYHORFLW\DQG WHPSHUDWXUH IRUERWKUDPSHG WHPSHUDWXUHDQG LVRWKHUPDOSODWHVE\XVLQJ´)LQLWH
(OHPHQW3URFHGXUHV´E\%DWKH>@DQG³$Q,QWURGXFWLRQWRWKH)LQLWH(OHPHQW0HWKRG´E\5HGG\>@7KHVWHS
VL]HLVWDNHQDV  '\ 7KLVSURFHVVZDVUHSHDWHGXQWLOZHREWDLQHGUHVXOWVFRUUHFWXSWRWKHGHVLUHGDFFXUDF\RI
 OHYHODVWKHFULWHULRQIRUFRQYHUJHQFH
0HDQZKLOHE\XVLQJ WKHFRPSXWHGYDOXHVRI IOXLGYHORFLW\DQG IOXLG WHPSHUDWXUH WKHQXPHULFDOYDOXHVRI VNLQ















WDEOHV WKDW H[FHOOHQW DJUHHPHQW EHWZHHQ WKH UHVXOWV H[LVWV 7KHVH IDYRXUDEOH FRPSDULVRQV OHQG FRQILGHQFH WR WKH
DFFXUDF\RIWKHQXPHULFDOUHVXOWVRIWKLVZRUN
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,Q RUGHU WR DQDO\]H WKH HIIHFWV RI  WKHUPDO EXR\DQF\ IRUFH PDJQHWLF ILHOG SHUPHDELOLW\ SDUDPHWHU WKHUPDO
UDGLDWLRQDQGKHDWDEVRUSWLRQRQ WKHIORZILHOGQXPHULFDOYDOXHVRI WKHYHORFLW\DQG WHPSHUDWXUH LQ WKHERXQGDU\
OD\HUUHJLRQFRPSXWHGIURPWKHQXPHULFDOVROXWLRQVDQGDUHGLVSOD\HGJUDSKLFDOO\YHUVXVERXQGDU\OD\HU
FRRUGLQDWH \ LQ)LJV  ± E  ,Q WKHSUHVHQW VWXG\ZH DGRSWHG WKH IROORZLQJGHIDXOW SDUDPHWHU YDOXHV RI ILQLWH
HOHPHQW FRPSXWDWLRQV    0*U 3U     41. DQG  W $OO JUDSKV WKHUHIRUH
FRUUHVSRQGWRWKHVHYDOXHVXQOHVVVSHFLILFDOO\LQGLFDWHGRQWKHDSSURSULDWHJUDSK,WLVUHYHDOHGIURP)LJV±E


















)LJV D DQGE SUHVHQW WKH HIIHFWVRI WKHUPDO UDGLDWLRQ 1 RQ WKHYHORFLW\ DQG WHPSHUDWXUH IRU ERWK UDPSHG
WHPSHUDWXUH DQG LVRWKHUPDO SODWHV ,W LV HYLGHQW IURP )LJV D DQG E WKDW IRU ERWK UDPSHG WHPSHUDWXUH DQG
LVRWKHUPDOSODWHVYHORFLW\DQG WHPSHUDWXUH LQFUHDVHRQ LQFUHDVLQJ WKHUPDO UDGLDWLRQ 1 7KLV LPSOLHV WKDW WKHUPDO
UDGLDWLRQ WHQGV WR DFFHOHUDWH YHORFLW\ DQG WHPSHUDWXUH WKURXJKRXW WKH ERXQGDU\ OD\HU UHJLRQ IRU ERWK UDPSHG
WHPSHUDWXUHDQGLVRWKHUPDOSODWHV
)LJVDDQGEUHYHDOVWKDWWKHYHORFLW\DQGWHPSHUDWXUHGHFUHDVHVIRUERWKUDPSHGWHPSHUDWXUHDQGLVRWKHUPDO















,Q WKLVSDSHU WKH HIIHFWRIKHDW DEVRUSWLRQ DQG UDGLDWLYHKHDW WUDQVIHUSDVW DQ LPSXOVLYHO\PRYLQJSODWHZLWK
UDPSHG WHPSHUDWXUH LV VWXGLHGQXPHULFDOO\7KHQXPHULFDO UHVXOWV DUH REWDLQHG IRU DZLGH UDQJHRIYDOXHV RI WKH
SK\VLFDOSDUDPHWHUVDVIROORZV0DJQHWLFILHOGDQGKHDWDEVRUSWLRQWHQGVWRGHFHOHUDWHIOXLGIORZZKHUHDVWKHUPDO
EXR\DQF\IRUFH UDGLDWLRQDQGSHUPHDELOLW\RIPHGLXPKDYHUHYHUVHHIIHFWRQ LW IRUERWK UDPSHG WHPSHUDWXUHDQG
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